INTRODUCTION
Beginning in the summer of 2001 the mechanical engineering (MEEN) 310 manufacturing lab and the MEEN 340 materials lab were combined to form the current MEEN 360 lab. This move was prompted by the need to optimize the current undergraduate degree format in Mechanical Engineering. The format for this new class was created through a combination of existing laboratory assignments. Formerly, both MEEN 310 and MEEN 340 labs were organized to achieve certain goals within their particular area of specialization. The MEEN 310 lab contained the following manufacturing specific subjects:
Metrology Rapid Prototyping The new combined lab maintained the same independent approaches, but could be improved to achieve higher cognitive levels.
At the time of the new lab's development it seemed sufficient to simply combine the most important assignments from the two labs. This approach appeared to preserve valuable topics while discarding those assignments that apparently lacked enough importance to be maintained. In many ways this decision was the correct one. The topics that were lost did not necessarily negate the full development of the students within the areas of manufacturing and materials, but the lack of continuity Of the students' immersion within these particular fields, necessitated by the patchwork interspersion of the various assignments, has created an environment where students were not fully able to understand the link between these two fields.
Progressive research in cognitive methods of learning demanded a more student-oriented pedagogy of course content. Any course format concerned with good teaching must have the following elements: open-ended problems. To truly emulate the experience of design, these projects must follow this model, but the development of design skills cannot be an all or mthing approach.
Step-by-step projects are required that result in success to allow students to develop a feel for the design process [4].
The MEEN 360 lab consisted of a selection of course content from the previous two labs, which had not been optimized to demonstrate the complimentary nature of manufacturing and materials. What was required was a course format, which addressed the potentials of this new lab. There is a movement within education to organize a course around projects, which internally address the knowledge requirements of the course. ABET requires that courses incorporate design elements within projects. It was suggested that the MEEN 360 lab be built on a project, which took the form of a black powder cannon based on a 118th scale replica of a 12 Ib. Civil War Napoleon in a field mount.
PROCEDURE
The selection of a black powder cannon based on a 1/8th scale replica of a 12 Ib, Civil War Napoleon in a field mount,showninFigure 1,wasmotivatedbyitsabilityto meet the following criteria:
ASSEMBLED CANNONPROOUCED I LAB
The individual parts of the project each acted as a goal to the various experiments performed throughout the semester. The project needed to he easily fabricated with the available equipment such that it could be produced with each part taking no more than three hours. The parts needed to be technically simple such that students could learn the required manufacturing techniques while producing the parts. The individual parts, which comprised the whole, had to suggest the manufacturing solutions available within the lab. A variety of materials needed to be employed in the construction ofthe project. The project had to capture the student's interest by its nature. There needed to be potential for expansion upon the current project to address rising technologies. 
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Once the decision was made to produce a cannon, it was necessary to determine the manner in which the cannon would be integrated within the lab. The current MEEN 360 laboratory contained the necessary assignments for the new lab. The only modifications required were changes in the focus of the individual assignments to reflect the needs of the project. This approach minimized the additional burden applied to educators and technicians while maintaining the similarity of structure that was necessary fur a proper comparison. The students performed the same graded assignments in the new lab as those performed by stidents in the original lab. No additional burden was placed on the students. The expectation was that the improvements i n knowledge level would be achieved simply through a revised focus.
The actual performance of the experiment relied on student assessment.
The students performed three perception surveys and two open-ended qualitative essay tests scored using analytic rubrics. The perception surveys were given on the first day of the course after an introduction of the course cnntent and format had been performed. The second survey was given mid-semester. The final survey was given immediately after the final.
The MEEN 360 lab consisted of two lecture sections each containing approximately 50 students. These two sections were then broken into 6 lab sections, The essay tests to determine student's depth of learning were given in the lecture sections. All students participating in both the cannon and non-cannon labs took the tests. The surveys were given in the lab sections. The first survey was given to the two cannon sections and one nun-cannon section. The mid-semester survey was given to the cannon sections only.
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The final survey was given to the two cannon sections and the same non-cannon section.
The first essay took place at the mid point of the semester. The focus was on material that the students had previously covered in lab and in the lecture portion of the class. The intent of the quiz was to determine the ability with which the students were able to relatedesign criteria with material properties. The quiz began with a Statement of the problem, Figure 2 . The problem statement lists a number of functional requirements for a pipeline FIGURE 2 QUALITATIVEESSAY I PROBLEM SlATEMENT in Alaska. Its intent was establish a limited and accessible set of functional requirements which all the students in the class could visualize and make decisions based upon. Succeeding questions required students to demonstrate their ability to relate material properties to functional needs and to show the means by which they would select the proper material. The essay was graded using an analytic rubric with criteria determined from common design methodologies [5,
6, 71.
The second open ended qualitative essay was given at the end of the semester. The first essay only required students to show the ability to select the correct material for a given application. The second essay required the students to perform the same activities as the first with the additional requirement that they select a variety of manufacturing techniques dependent on production volume. The quiz was initiated with the following problem statement, 
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The second essay was given at the a d of the semester to the same sample of students as the first essay. An evaluation of the performance of the two groups is given in Table 2 . Results on the second essay are less decisive. On some questions the cannon group performed at a lower level than the non-cannon group and overall the difference in the mean scores is less than one-third the difference found in the previous assessment. The students were also given three on the final survey represent a valuable point of comparison between the cannon and non-cannon groups. A chart of this information is given as Table 3. students were also asked questions regarding their opinion of the lab and its content as Well as the revised Project focus. Last, the students were asked to provide a few sentences expressing their view of the new lab.
FIGURE 4 Initial and Final Survey Format
The survey given during the mid-point of the semester was responded to in a short answer format. The main concern of me the second survey was to determine the student's current level d satisfaction with the course. At this point, five weeks into the semester, revisions could have been made to correct any perceived problems. Additionally, the survey had less structured responses and this allowed for a greater variety of input from the students.
RESULTS AND ANALYSIS
An objective assessment of the student's performance in the lab class relied on the quality of their responses to the essay assessment tools. These responses were evaluated using an analytic rubric which partitioned each shori answer question into individual parts which were then graded according to correctness. The averages of the student's responses to the individual questions as well as the overall average of the scores given to the students in the cannon and non-cannon groups are given in Table I . 
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Students ranked their perceived knowledge of the listed subjects on a 1 to 5 scale. A score of I represented very well prepared whereas a score of 5 was very poorly prepared. It can be seen that all groups of students perceived themselves as well prepared at the end of the semester with a slightly higher confidence level noted in the cannon gfoups.
The surveys also included a response category, which allowed the students to record their satisfaction and interest in the course. A summation of the student's responses can be seen in Table 4 . The students were very interested in the content of the course and the powder cannon based on a 118th scale replica of a 12 Ib.
Civil War Napoleon in a field mount.
Using a scoring rubric to analyze open ended qualitative essays given to all students at two times during the semester, it was found that the students in the new course learned equally well the necessary skills to effectively incorporate materials and manufacturing in design. Additionally, students in the cannon group had an equal or greater sense of their level of accomplishment in the individual subjects of the lab. The students participating in the lab were also very interested in the project and 30 of the 30 students in the cannon sections believed the project has enough merit to be continued. Last, recorded student opinion relates a high level ofsatisfaction with the new course.
It is believed that this course has Significant enough value to be continued.
ABET criteria requires thc integration of design in the Mechanical Engineering curriculum at all levels. This new lab accomplishes that goal with the additional benefit that students generate a product. Prior to the introduction of this lab no other courses allowed for the fabrication of a functional product at Texas A&M 
